Oscillations of three pseudo-Dirac flavor neutrinos ν e , ν µ , ν τ are considered: 0 <
for their Majorana and Dirac masses taken as universal before family mixing. The actual neutrino mass matrix is assumed to be the tensor product
, where M Then, it is shown that three neutrino effects (the deficits of solar ν e 's and atmospheric ν µ 's as well as the possible LSND excess of ν e 's in accelerator ν µ beam) can be explained by neutrino oscillations though, alternatively, the LSND effect may be eliminated (by a parameter choice). Atmospheric ν µ 's oscillate dominantly into ν τ 's, while solar ν e 'sinto (automatically existing) Majorana sterile counterparts of ν e 's. Let us consider three flavor neutrinos ν e , ν µ , ν τ and assume for them the mass matrix in the form of tensor product of the neutrino family 3 × 3 mass matrix M (ν) αβ (α, β = e, µ, τ ) and the Majorana 2 × 2 mass matrix
αβ ). Then, the neutrino mass term in the lagrangian gets the form
α are the conventional Majorana active and sterile neutrinos of three families as they appear in the lagrangian before diagonalization of neutrino and charged-lepton family mass matrices. Due to the relation ν c α ν β = ν c β ν α , the family mass matrix M (ν) = M (ν) † , when standing at the position of λ (L) and λ (R) in Eq.
(2), reduces to its symmetric part
. We will simply assume that (at least approximately)
and hence
. Then, CP violation for neutrinos does not appear if, in addition, U (e) = U (e) * . Further on, we will always assume that 0 < λ
) and λ (M ) ≪ 1 (the pseudo-Dirac case) [1] .
Then, diagonalizing the neutrino mass matrix, we obtain from Eq. (2)
Then, the bracket [ ] in Eq. (9) and (10) is reduced to 4 sin 2 1.27(m
)L/E and 0, respectively. The probability sum rule β P ν
readily from Eqs. (9) and (10).
Notice that in the case of lepton Cabibbo-Kobayashi-Maskawa matrix being nearly
β are essentially described by the formulae
corresponding to three maximal mixings of ν α (α = e, µ, τ ). Of course, for a further discussion of the oscillation formulae (9) and (10), in particular those for appear-
To this end, we will try to extend to neutrinos the form of charged-lepton mass matrix
which reproduces surprisingly well the charged-lepton masses m e , m µ , m τ (µ (e) , α (e) and ε (e) are positive parameters). In fact, treating off-diagonal elements of M . Taking this experimental value of m τ as another input, we obtain
µ (e) 2 = 0.024
what is not inconsistent with zero. Now, we conjecture the neutrino family mass matrix M (ν) αβ in the form (15) with
. In order to get the neutrino family diagonalizing matrix U 
with ϕ (ν) = 0 and
In this case, the neutrino family masses are
where
Taking in contrast U 
into Eqs. (9) and (10). Here, U 
and
In these formulae, the experimental baselines L (and neutrino energies E) are generally different.
Further on, we intend to relate the first, second and third Eq. (23) to the experimental results concerning the deficit of solar ν e 's [3] , the deficit of atmospheric ν µ 's [4] and the excess of ν e 's in accelerator ν µ beam [5] , respectively.
First, let us assume the simplifying hypothesis that the LSND effect [5] does not exist.
Then, under the numerical conjecture that 1.27 4m 
and for atmospheric ν µ 's [4] 1 ↔ sin 2 2θ atm ∼ 1 , m
Thus, from Eqs. (27) and (28)
Hence, making use of Eqs. (20) and (21), we infer that
Here, the constant ξ still may be treated as a free parameter (determining λ (M ) ). If
with m
In this way, both neutrino deficits can be explained by pseudo-Dirac neutrino oscillations. Note that solar ν e 's and ν
. Now, let us accept the LSND effect [5] . Then, making the numerical conjecture that 1.27 4m
we get from Eqs. (23)
When comparing Eqs. (33) with experimental estimates, we obtain for solar ν e 's [3] (making use of global vacuum fit)
and for accelerator ν µ 's [5] , say,
So, from Eqs. (34) and (37)
Hence, due to Eqs. (20) and (21),
Here, the constant ξ still may play the role of a free parameter (determining λ (M ) ). If
, and hence
with m τ 's, respectively, as in the previous case when the LSND effect was absent.
The recently improved upper bound on the effective mass m νe of the Majorana ν 
as
Thus, in the option excluding or accepting LSND effect we estimate from Eq. (30) or (39)
respectively. Thus, in this pseudo-Dirac case, the 0νββ decay violating the lepton number conservation is negligible. Note that m νe ≪ m ν 1 ≪ |m ν 2 | < m ν 3 in both options. Here, the neutrino masses are
Since for relativistic particles only masses squared are relevant, the "phenomenological" neutrino masses are equal to |m
Finally, let us turn back to the option, where there is no LSND effect. In this case, the natural possibility seems to be a (nearly) diagonal form of neutrino family mass matrix 
In this way, both neutrino deficits can be explained by oscillations of unmixed pseudo-
Dirac neutrinos (U (ν)
αi ≃ δ αi ). Note, however, that now both solar ν τ 's). The experimental evidence for ν µ → ν τ oscillations and/or for the LSND effect would be, of course, crucial in the process of understanding the mechanism of neutrino oscillations.
In the present case, the effective mass m νe of the Majorana ν 
since U (ν)
αi ≃ δ αi . Thus, the Oνββ decay upper bound m νe ≤ 0.2 eV is certainly satisfied because of λ (M ) ≪ 1 (and m νe ≤ a few eV).
If it turned out that both solar ν e 's and atmospheric ν µ 's oscillated into sterile neutrinos, it would not be easy to recognize whether, as discussed above, the latter should be Majorana sterile counterparts of Majorana active ν e 's and ν µ 's, or rather, two extra Dirac sterile neutrinos [7] .
